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WIND-TUNNEL TESTS OF A CLARK Y WING WITH A NARROW AUXILIARY
AIRFOIL IN DIFFERENT POSITIONS

By Frep E. WEIOK AND MILLARD J. BAMBER

SUMMARY

Aerodynamic force tests were made on a combination
of a Clark Y wing end a narrow auziliary airfoil to find
the best location of the auxiliary airfoil with respect to
the main wing. The euxiliary was ¢ highly cambered
airfoil of medium thickness having a chord 14.6 per cent
that of the main wing. It was tested in 141 different
positions ahead of, above, and behind the nose portion of
the main wing, the range of the test poinis being extended
until the best aerodynamic conditions were covered.

A range of positions was found in which the combi-
nation of main wing and auziliary gave substantially
greater aerodynamic efficiency and higher maximum bLift
coefficients (based on total area) than the main Clark Y
wing alone. In the optimum position tested, consider-
ing both the maximum lift and the speed-range ratio, the
combination of main wing and auziliary gave an increase
in the maximum Uft coeffictent of 32 per cent together
with an increase in the ratto Cumas/Comis of 21 per cent
of the respective values for the main Clark Y wing alone.

INTRODUCTION

In an effort to provide means for obtaining lower
landing speeds and greater speed ranges, many devices
have been developed for increasing the maximum lift
without excessive increase of the drag. These devices
include pilot planes, slots, flaps, etc., most of which
have movable parts entailing a certain amount of
complication. In this field recent tests have been
made by the National Advisory Committee for Aero-
nautics on a Clark Y airfoil with Handley Page type
slots, in which the slat portion was tested in a large
number of different positions to determine the best.
(Reference 1.) A series of tests has also been made to
develop & fixed slot for the same airfoil giving a rea-
sonably high maximum lift coefficient with the lowest
possible minimum drag coefficient and having no
movable parts. (Reference 2.)

The present investigation consists of further tests
of the same type on a Clark Y wing with a narrow aux-
iliary airfoil tested in a sufficient number of locations
and angular positions with respect to the main wing
to determine the optimum one. These tests, as well

as those previous'y mentioned, were made in the
N.A.C.A. 5-foot vertical tunnel under the same
conditions

In addition, these tests were made at the same air
speed and on & model having the same chord as that
used in a standard series of controllability and stability
tests (reference 4) which are being made in the
N.A.C.A. 7 by 10 foot tunnel. Aileron tests on a
wing with the auxiliary airfoil in the best position will
be included in the series.

APPARATUS AND METHODS

Wind tunnel.—The N.A.C.A. vertical wind tunnel,
which has an open jet 5 feet in diameter and a closed
return passage, is described in detail in reference 3.

A “reflection plane” and half-span model were
used because a full-span wing of aspect ratio 6 and 10-
ineh chord could not be tested in the vertical tunnel.

The drag forces were transmitted from the wing by
two fine wires to a platform balance above the tunnel.
The lift forces were transmitted by a system of bell
cranks and rigid rods to two platform balances mounted
on the tunnel test floor. A detailed deseription of the
arrangement may be found in reference 1.

Models.—The mein wing, which had a Clark Y
section, had previously been used in the fixed-slot
tests of reference 2, and for the present tests the slot
was filled with ‘“Plasticine.” The auxiliary airfoil,
because of its small size, was made of aluminum alloy.
It was a highly cambered airfoil of medium thickness
ratio (12 per cent) and had a chord 14.5 per cent of the
chord of the main wing. It had previously been used
during one stage of the fixed-slot development. For
the present tests it was supported on the main wing by
thin metal plates at each end and by a small bracket at
midspan. The details of the supporting plates and
the ordinates of both main and auxilisry airfoils are
given in Figure 1.

Tests.—The tests were made with the trailing edge
of the auxiliary airfoil in 24 different locations with
respect to the main wing. At each location of the
trailing edge tests were made with the chord line of
the auxiliary at several different angles, §, with respect.
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to the chord line of the mein wing, making 141 posi-
tions in all. The first arrangement (pl. 1, fig. 1) in-
cluded only 12 locations of the trailing edge. Others
were then added until the optimum was found.

In the mein series of tests the lift and drag were
measured at various angles of attack for each position
of the auxiliary. Readings were taken at 1° intervals
to cover the region of the minimum drag and maxi-
mum lift coefficients and several points were taken in
between to determine the shape of .the lift and drag
curves. Pitching moments, which required a slight
change in the balances, were also measured for & few
of the better positions of the auxiliary airfoil.

“Flafe No.2 A, Auxiliary airfoil
‘|-Plate No./ B, Flate cut down.

[Localions for o

-~ ) 7 F 4 Flate Mo./
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CLARK Y ORDINATES

AUXILIARY ORDINATES

Stations Upper,t Lovre:r,t Stat{omg Upper,t Lower,t
per cent per cen per cen per cen per cen per cen
chord 1 chord 1 chord 1 chord chord rd
0.00 2,88 2.88 0.00 3.50 3.50
125 5.40 L09 L25 5.45 183
. 2.50 6.48 .65 250 6.50 L47
&00 8.02 .28 5.00 7.90 .3
7.50 .11 .08 7.50 885 .63
10. 00 9. 96 .00 10. 00 9.60 .42
15. G0 1L34 12 15.00 10.69 .15
20. 00 12.20 L4 20. 00 1138 .03
30.00 13.35 L48 30.00 1L 70 0
40. 00 13.42 3.08 40. 00 1L 40 0
50. 00 12.60 4.78 50. 00 10.563 0
60. 00 1L12 5.63 60. 00 9.15 0
70.00 0.15 5.79 70.00 7.35 0
50,00 6.68 4.68 80. 00 5.22 0
60.00 3.95 2.67 90. 00 2.80 [1]
Q5. 00 2.51 132 a5. 00 149 0
100. 00 L13 1} 100. 00 .12 0
t Auxiliary chord.

F1aURE 1.—Clark Y wing with anxillary airfoll and mounting plates. (Best posi-
tion for the auxiliary alrfofl is shown)

The tests were made at a dynamic pressure of 16.37
pounds per square foot, which corresponds to an air
speed of 80 miles per hour under standard atmospheric
conditions at sea level. The Reynolds Number with
the above test conditions and the main wing chord of
10 inches was 609,000, which is about omne-third of
that for an ordinary small airplane while landing.

RESULTS

The results are given iIn terms of the standard
absolute coefficients of lift and drag, and center of
pressure (Cp, Cp, and c¢.p.), the latter referring to
the chord of the main wing. In the computation of
these coefficients the total area of the main wing plus
the auxiliary was used.

Curves of the lift and drag coefficients plotted
against the angle of attack for all positions of the
auxiliary with respect to the main wing are given in
Figures 2 to 25, inclusive. Each figure includes the
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results for the various angles of the auxiliary at one
location of its frailing edge, and also the curves for
the main wing alone.

The values of Crmaz) Cpmin, &nd the angle of attack
for Cpmax, are given in Table I along with the values
of the ratios Omelapmln and (Ome) 2 /Opmln for
each position of the auxiliary airfoil.

For facilitating the selection of the position of the

auxiliary airfoil giving the ‘highest values of Crmax,
contours of equal values of the maximum lift coeffi-
cient are given in Figure 26. The value at any point
represents the maximum that can be obtained with
any angular position §. Similar contour -charts
for the equal values of the ratioS Ormax/Cpmp 8nd
(Crmsx)*/Cpmin 2Te given in Figures 27 and 28, respec-
tively.
. Curves of the center of pressure plotted against
angle of attack are given for a few of the better posi-
tions of the auxiliary in Figures 7 and 8. The values
for the Clark Y wing alone are also included for
comparison.

Effect of supporting plates.—The accuracy of the
present; tests was about the same as that of the previous
tests with the same set-up (references 1 and 2) except
for the effect of the rather large end plates which sup-
ported the auxiliary airfoil. To find the effect of the
plates on the results, the tests with one of the better
locations were repeated with the supporting plates
cut down (fig. 1, dotted lines). The results of these
tests showed that the effect on the drag and center of
pressure was within the limits of experimental error
and therefore negligible. The effect on the lift co-
efficients was noticeable but small, the values being
about 2 per cent greater with the large end plates.
This value was considered sufficiently small to be
neglected in the present comparisons.

DISCUSSION

The contour lines in Figure 26 indicate that the
position of the auxiliary airfoil giving the highest
value of the maximum lift coefficient was that with
the trailing edge about 3 per cent ¢ ahead of the nose
and 10 per cent ¢ above the chord line of the main
wing, ¢ being the main-wing chord. The highest
value actually measured (Cr=1.812) was found at
the point with the trailing edge of the auxiliary 5 per
cent ¢ ahead of the nose and 6.5 per cent ¢ above the
chord line of the main wing, with § equal to —30°.
Another region which gave a high maximum lift co-
efficient was in the neighborhood of 17 per cent ¢
ahead of the nose and 12 per cent ¢ above the chord
line, where the highest value of Crn.x was about 1.73.
The highest actual test point in this region was 15 per
cent ¢ ahead of the nose and 12 per cent ¢ above the
chord line with § equal to —2.5° an angle which is
obviously better for obtaining a low value of Upmia.
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FIGURE 2.—Characteristies of combination of main and auxillary wings with
trafling edge of auxillary 25 per cent chord ahead of leading edge and 6.5 per

cent chord above chord line of main wing
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Fi16URE 4.—Characteristics of combination of main and auxiliary wings with
trafling edge of auxillary 25 per cent chord ahead of leading edge and 19.5 per
cant ohord above chord lne of main wing
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F1GURE 3.—Characteristics of combination of main and auxillary wings with
tralling edge of auxiliary 25 per cent chord ahead of leading edge and 13 per -

cent chord ahove chord lne of main wing
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FIGURE 5.—Characteristics of combination of main and auxiliary wings with

tralling edge of auxiliary 25 per cent chord
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F16URE 6.—Characterlistics of combination of main and auxiliary wings with trafl-
ing edge of auxiliary 15 per cent chord ahead of leading edgo and 4.5 per cent
chord above chord line of main wing
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F1GURE 8.—Obaracteristics of combination of main and anxiliary wings with trafl-
Ing edge of auxiliary 15 per cent chord ahead of leading edge and 19.5 per cent
ohord above chord 1ine of maln wing
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FIGURE 7.—Characteristics of combination of main and auxillary wings with trail-
ing edge of auxillary 15 per cent chord ahead of leading edge and 12 per cont
chord above chord line of main wing
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FI1GURE 9.—Characteristics of combination of main and auxiliary wings with trafl-
ing edge of auxiliary 10 per cent chord ahead of leading edge and § per cont
chord above chord line of main wing
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F1GURE 10~—Characteristics of combination of main and auxiliary wings with
trafling edge of auxillary 10 per cent chord abead of leading edge and 10 per cent

chord above chord Hne of main wing
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F16URE 12.—Characteristics of combination of main and auxiliary wings with
tralling edge of auxiliary 5 per cent chord ahead of leading edge and 6.5 per cent

chord above chord line of maln wing
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F1GURE 11,—Characteristics of combination of main and auxiliary wings with
trafling edge of auxiliary 10 per cent chord ahead of leading edge and 15 per cent

chord line of main wing
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FIGURE 13 —Characteristics of combination of main and enxiliary wings with
tralling edge of auxdliary 5 per cent chord ahead of leading edge and 21.5 per
cent chord above chord line of main wing
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F1GURE 14.—Characteristics of combination of main and auxillary wings with
trafling edge of auxiliary 3 per cent chord ahead of leading edge and 4 per cent

chord above chord lins of main wing
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F1GURE 15.—Characteristics of combination of main and auxillary wings with
tralling edge of auxillary 0 per cent chord abead of leading edge and 10 per cent
chord above chord line of main wing
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F1GURE 16.—Characteristics of combination of maln and auxilary wings with
tralling edge of auxiliary 0 per cent chord ahead of leading edge and 15 per cent
chord above chord line of main wing .
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F1aure 17.—Obaracteristics of combination of main and auxilary wings with
trailing edge of auxiliary 0 per cent chord ahead of leading edge and 20 per cent
chord above chord line of main wing
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F16URE 18,—Characteristics of combination of main and auxiliary wings
, with trailing edge of auxiliary 5 per cent chard behind leading edge
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Ficure 19.—Obaracteristics of combination of main and auxiliary wings with frafling
edge of suxiliary 10 per cent chord behind leading edge and 12 per cent chord above

and 24.8 per cent chord above chord line of main wing ohord line of main wing
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Fiaure 20.—Chbaracteristics of combination of maln and suxiliary wings with
tralling edge of auxillary 10 per cent chord behind leading edge and 17 per

cent chord above chord line of main wing

cent chord above chord line of main wing

FIGURE 21.—Characteristics of combination of main and auxiliary wings with
trafling edge of auxiliary 10 per cent chord behind leading edge and 22 per
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FIGURE 22.—Characteristics of combination of main and anxfliary wings with
trailing edge of auxiliary 15 per cent chord behind leading edge and 28 per

cent chord above chord line of main wing
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FI1GURE 24.—Characteristics of combination of main and auxillary wings with
trafling edge of auxillary 20 per cent chord behind leading edge and 18 per

cant chord above chord Une of maln wing
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The ratio Crmax/COpmi 18 an indication of the suita-
bility of 2 wing for giving a high speed range, and for a
given minimum speed and total weight shows the
relative merits of different wing arrangements in the
high speed obtainable. A chart having contour lines
for even values of the ratio Crmay/Cpmm i8 given in
Figure 27. The maximum values of this ratio were
obtained with the trailing edge of the auxiliary in the
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Fiaure 28,—Contours of equal values of Crmax obtalned with various settings of

tralling edge of auxiliary alrfoil. The value at any point represents the maximum
that can be obtained with any angular position
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neighborhood of 17 per cent ¢ ahead of the nose and
14 per cent ¢ above the chord line of the main airfoil.
The best location actually tested was that with the
trailing edge of the auxiliary 15 per cent ¢ ahead of
the nose and 12 per cent ¢ above the chord line, equal
values being obtained with the chord of the auxiliary
parallel to and at an angle of +2.5° to the chord of
the main wing. (This position, it will be noted, is in
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FIGURE 27.—Contours of equal values of Crmax/Cpmin obtained with varlous
settings of trafling edge of auxillary airfofl. The value at any point represents
the maximum that can be obtained with any angular positiomr
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the second best region for high maximum lift coeffi-
cients.) The value of the ratio obtained at this point
was 104.5, which is about 21 per cent higher than that
for the main Clark Y wing alone (86.3) which seems
remarkably fortunate considering that the maximum
lift coefficient was 1.705 as compared with 1.295 for
the main wing alone.

At the position which gave the highest value of
Opmax actually tested (6 per cent ¢ ahead of the nose,
6.5 per cent ¢ above the main chord line, §=—30°),
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the ratio Crmar/Cpmim Wwas 49.3—a value which would
make the combination practically unusable if the
auxiliary airfoil were fixed in position.

Selection of optimum position of auxiliary airfoil.—
In the selection of the optimum position of the auxil-
iary airfoil with respect to the main wing, it is ob-
viously advantageous to have a high wvalue of the
maximum lift coefficient, permitting the use of a rela-
tively small wing with the lowest possible weight. It
is also obviously an advantage to have the highest
possible maximum speed with a given minimum and
both of these points must be given consideration.
The values of Oimax 804 Crmax/Comim given for any
particular trailing-edge location in Figures 26 and 27
do not usually represent the same angular setting §,
which makes the actual selection of an optimum
position rather complicated. One method of making
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FIGURE 28.~Contours of equal values of (CLmax)!/Cpmin obtained with varlous
settings of tralling edge of auxillary alrfofl. The value at any point represents
the maximum that can be obtained with any angular position

such a selection is, of course, to base it on one’s judg-
ment, having studied the values for each position
given in Table I. In order to facilitate this selection
a criterion has been arbitrarily chosen which contains
both Crmsx and the ratio Crusx/Comm and gives them
equal importance by taking the product of the two.
The resulting criterion is the ratio (Crmax)*/Comia.

The contours in Figure 28 represent the values of this
ratio for the best angular setting & at each location of
the trailing edge of the auxiliary. On this basis the
optimum location is about 17 per cent ¢ ahead of the
nose and 14 per cent ¢ above the main chord line,
which is the same as the location giving the highest
value of Crmax/Comim 8nd at the same time is in the
second highest region for Crmax. Of the points actually
tested, that giving the highest ratio of (Crma:)*/Comin
was 15 per cent ¢ ahead of the nose and 12 per cent ¢
above the chord line, the chord of the auxiliary being
parallel to the chord of the main wing. A value very
pearly as high was obtained with the same trailing-
edge location and 6= +42.5°. In either of these posi-
tions the angle of attack for the maximum lift coefficient
was 24°, and the lift curve dropped sharply just above
this point.

Curves of the center of pressure against angle of
attack are given for values of & of 0°, +2.5°, and —5°
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for the optimum location of the trailing edge of the
auxiliary, together with the lift and drag curves in
Figure 7. The center of pressure in each case is
practically constant at 20 per cent ¢ back of the leading
edge of the mein wing for angles of attack from about
3° to that of the stall. At the stall the center of pres-
sure goes suddenly back, giving a stable pitching
moment. As the angle of attack is reduced below 3°
the center of pressure travels back in the normal
unstable direction, but at zero lift the unstable pitching
moment is much less than that of the Clark Y wing
alone. It is evident that an airplane with a wing and
auxiliary airfoil in the optimum position would require
o smaller horizontal tail plane to have satisfactory
static longitudinel stability and balance at all angles
of attack than the same airplane with the same main
wing but without the auxiliary. In order to find
whether this range of center-of-pressure travel was
confined to one location of the auxiliary, the values
were also measured for one other location that gave
high values of maximum lift coefficient and speed-
range ratio. For this position the trailing edge of the
auxiliary was 15 per cent ¢ ahead of the nose and 19.5
per cent ¢ above the chord.line and the chord of the
auxiliary was parallel to the chord of the main wing.
The center-of-pressure curve is given in Figure 8. -The
characteristics, it will be noted, are the same as for the
other location of the suxiliary.

A matter deserving consideration in regard to the
optimum position of the wing and asuxiliary arrange-
ment is the high value of the drag coefficient at the
angle of attack for maximum lift. This high value
makes possible steep glides, which are advantageous
for making short landings. The value of L/D at maxi-
mum lift is only about 3.5 as compared with 8 for the
Clark Y wing alone. These correspond to glide-path
angles for the wings alone of 16° and 7°, respectively.
Since the optimum combination of main wing and aux-
iliary has, in the climbing range, values of L/D ratio
nearly as high as the Clark Y alone, the favorable char-
acteristic of a high drag at the higher angles of attack
is probably due to the stalling of the auxiliary airfoil.

Inasmuch as the first arbitrarily chosen combination
of wing and auxiliary airfoil was found, when the aux-
iliary airfoil was put in the proper position, to give
results substantially superior to those with single wings
or previous combinations, it is very probable that still
better combinations can be found. The present in-
vestigation should therefore be considered as only a
beginning and should be followed by further tests with
several carefully chosen airfoil sections, in which the
best relative size of the main wing and auxiliary
airfoil, as well as the best location in each case, are
determined.

Comparison of optimum combination with slotted
wings.—The earlier tests, including the best Handley
Page type slot and the best fixed slot (references 1 and
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2) developed with the same basic wing under the same
test conditions, give an opportunity to compare di-
rectly the slots with the optimum combination of wing
and auxiliary airfoil found in the present tests. The
following table gives the data for the best combination
in each set of tests as taken directly from the reports.

afor | Cimes | (Clamas)?
Cpmia Craax CLmax ‘Dmin Cbowmla
o
Clarka%ggal Semmiis Q. 0160 1295 15 86.3 11L9
Handley e type automatio

slo 1. 0161 1.840 23 114.2 210
.................. . 0220 L1751 pt 70.4 134
Wingwithauxﬂlaryairfoll -p.0187 |21.951 24 1046 | 1204

1 Plain I Cb increased 7.1 per cent to allow for imperfect form with slot closed.,
co 6.
1 Coefficients based on area of main wing alonse.

In the computation of thése coefficients the area of
the original wing, assuming the slot closed, was taken
in the case of the Handley Page slot, although with
the slot open the arda was actually greater. The area
of the original wing was used in the case of the fixed
slot which was in effect merely cut-through the original
profile. The values for the wing with the auxiliary
airfoil are therefore also based on the area of the main
wing alone.

In order to enable a more accurate comparison to be
made, the coefficients have been recomputed on the
basis of the total wing area in each case, i. e., the area
of the main wing plus the area of the auxiliary sirfoil,
or the slat, regardless of their positions with respect to

each other. These recomputed coefficients are given
in the following table.
afor | Clmax | (Crmar)?
Comia | Ciass | Crovey | Comla | Comin
Hand]ey Page type automatioc °
o o.ous | Les2 | 2 | 142 | 1808
................. .02155 | 1.648 24 76.4 1268.1
Wing with atsiiiary slioi ] 015 | L6 | 34 | s | s

On this basis the highest maximum lift coefficient
was obtained with the wing and auxiliary airfoil of the
present tests. The speed-range ratio is not quite so
high as with the movable Handley Page type slot, but
it is much higher for either of these than for the fixed
slot or the plain Clark Y wing alone. The ratio
(Crumax)?/Cpmin for determining the optimum combina-
tion gives the Handley Page slot a slight advantage,
but for practical cases this might be insufficient to
overcome the disadvantage of the extra mechanism
required.

Effect of adding aumha.ry airfoil to conventional
monoplane.—To obtain the best results with a com-
bination wing and auxiliary airfoil they should, of
course, be incorporated while the airplane is in the
design stage. It is interesting, however, to estimate
the effect of merely adding an auxiliary airfoil to an
average conventional monopldne. It will be assumed
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for simplicity that the gross weight remains unchanged
and that the difference in balance can be taken care
of by shifting the load forward. If the minimum
gliding speed of the original airplane were 50 miles per
hour and the maximum speed in level flight 115 miles
per hour, the addition of the auxiliary airfoil in the
optimum position would decrease the minimum speed
to about 41 miles per hour and the meaximum speed
to 112 or 113 miles per hour. Also the airplane with
the auxiliary airfoil could glide at a much steeper angle
without stalling, and the original tail would give
somewhat greater static stability than before. If a
new wing without the auxiliary were supplied having
the same total area and span as the original wing plus
the auxiliary, a larger tail would be required to give
the same stability, the minimum speed would be about
47 miles per hour, and the maximum speed about 113.

CONCLUSIONS

1. A position of the auxiliary wing with respect to
the Clark Y main wing was found which gave a maxi-
mum lift coefficient of 1.81, 40 per cent greater than
that for the Clark Y wing alone

2. A range of positions of the auxiliary airfoil with
respect to the main Clark Y wing was found which
gave substantial gains in aerodynamic efficiency (effec-
tiveness) as compared with that of the Clark Y wing
alone. With the trailing edge of the auxiliary airfoil
located 15 per cent of the chord of the main wing
ahead of its leading edge and 12 per cent above the
main chord line, and the chord lines parallel to each
other, a value of the ratio Crmax/Comm of 104.5 was
obtained, which is 21 per cent greater than that ob-
tained for the Clark Y wing alone.

3. The optimum position tested, considering both
Ormax 0nd the ratio Crmer/Cpmin Was the same as that
giving the highest value of the ratio Crmax/Comin
This position gave a maximum lift coefficient of 1.705
and a value of the ratio Crmay/Comin of 104.5, which are
increases of 32 per cent and 21 per cent, respectively,
over the values obtained with the Clark Y wing alone.

4, This investigation should be extended to include
different sizes of the auxiliary airfoil with respect to
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the main wing and different airfoil sections, a suffi-
cient number -of relative positions being covered to
determine the optimum with each combination.

LaNGLEY MBMORIAL AERONAUTICAL LaBoraTORY,
NaTionat Apvisory COMMITTEE FOR A.ERONAUTICS,
LanerLEY FirLp, Va., February 23, 1932.
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TABLE I
IMPORTANT AERODYNAMIC CHARACTERISTICS AND CRITERIONS OF A MAIN AND AUXILIARY

WING COMBINATION FOR EACH TEST POSITION OF THE AUXILIARY

Position of tralling edge of auxiliary airfoil is measured in per cent chord ahead of leading edge and above chard line of main wing

& Is the angle between chord lines of main and auxiliary airfolls
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